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Precipitation methods for high-density lipoprotein
cholesterol measurement compared, and final 
evaluation under routine operating conditions of a
method with a low sample-to-reagent ratio
P ie r r e  N.M. D e m a c k e r ,1* M a r ja  H e s s e ls ,2 H e lg a  T o e n h a k e -D ijk s tr a ,2 and
H e n k  Ba a d e n h u ijs e n 2
We evaluated six precipitation methods for high-density 
lipoprotein cholesterol (HDL-chol) determination: the 
heparin/Mn2+ precipitation reagent method (Hep), two 
variants of the phosphotungstic acid/Mg2+ method 
(Tung-L and Tung-B), the dextran sulfate 50 000/Mg2+ 
method (Dex), the PEG 6000 method (PEG), and the PEG 
6000/dextran sulfate 15 000 (PEG/Dex) method. The 
Tung-B and PEG/Dex precipitation methods have a low 
sample/precipitation reagent volume ratio (<0.4). The 
Tung-B, Dex, PEG, and PEG/Dex methods gave similar 
values, averaging within 0.1 mmol/L of each other, 
showing that the precipitation selectivity of these meth­
ods is comparable. The precipitation efficiency of
i
Tung-B and Peg/Dex, however, was superior. Ultrafil­
tration of the supernatants was needed only at triglyc­
eride concentrations >16.4 mmol/L (undiluted sample) 
or >28.0 mmol/L (sample diluted twofold); however, 
ultrafiltration without dilution was the most accurate
*
method. Results of Tung-B under routine conditions (33 
technicians) agreed well with those of the PEG method 
for 406 normo- and hyperlipidemic plasma samples. By 
comparison with the HDL-chol method from the Cen­
ters for Disease Control and Prevention, the Tung-B 
method showed a total error of 10.6%, which fulfills the 
criteria of the National Cholesterol Education Program 
for HDL-chol analysis. In conclusion, with motivated 
personnel, Tung-B is a reliable, cost-effective method 
for routine HDL-chol analysis.
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laboratory management
Proper risk estimation for coronary heart disease involves 
total cholesterol and high-density lipoprotein cholesterol 
(HDL-chol) measurements [1-4].3 HDL-chol measure­
ment is still problematic, despite the general use of a 
Proposed Selected Method [5], especially in samples that 
have been frozen and in lipemic plasma samples [6, 7]. 
Earlier, we introduced and fully validated the polyethyl­
ene glycol (PEG) 6000 method [8]. Given its excellent 
agreement with ultracentrifugation/heparin-Mn2+ (Hep) 
precipitation and its problem-free use in all our research 
projects in the last 15 years, the PEG 6000 method has, in 
our area, gradually gained the status of a "Regional 
Designated Comparison Method." This attainment was 
stimulated by its superior precipitation efficiency among 
all the first-generation precipitation methods [6, 9]. Al­
though the results obtained with the PEG 6000 method 
are scientifically reliable, the analyses must be performed 
by a specialized group of technicians.
Given the steady growth in the number of requests for 
HDL-chol determinations, we felt the need for another 
method, one that could be used more generally, i.e., in the 
routine laboratory also. For this purpose we evaluated 
several "first-generation" precipitation methods, includ-
3 Nonstandard abbreviations: chol, cholesterol; Hep, heparin/Mn2+; 
Tung-L, phosphotungstate/Mg2+ (Lopes-Virella version); Tung-B, phosphp- 
tungstate/Mg24* (Boehringer version); Dex, dextran sulfate 50 000/Mg2+; PEG 
6000, polyethylene glycol 6000; PEG/Dex, polyethylene glycol 6000/dextran 
sulfate 15 000; first- (second-) generation precipitation method, HDL assay 
performed with concentrated (diluted) precipitation reagent, resulting in 
concentrated (diluted) HDL samples; macro- and micromethods, cholesterol 
analysis under conditions optimal for cholesterol concentrations between 0.1 
and 3.5 mmol/L or from 0.01 to 0.35 mmol/L, respectively; CDC, Centers for 
Disease Control and Prevention.
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oposeci Selected Method, which uses dextran 
000/Mg-1 (Dex) [5]. We also included two
Table 1. Procedures used in the two parts of this study.
// s e c o n d - g e n e r a t io n " methods First part
Second part
more diluted precipitation reagent to obtain more-effec-
show Precipitation methods
Cholesterol
method
Precipitation
methods
Cholesterol
method
2 +
must
taken into account in generating the best analytical results 
in a routine laboratory.
Materials and Methods
PROCEDURES, PART 1
Heparin/Mn
1
Phosphotungstate/Mg
(Tung-L)
Phosphotungstate/Mg
(Tung-B)
Dextran sulfate/Mg
PEG 6000
2 +
Macro
Macro
a
a
2 + Micro0 Tung-B Micro6'
2-h Macro 
Macro 
Micro0
a PEG 6000 Macro
*
In th e  f ir s t  p a r t  o f  th is  s tu d y ,  t h e  m e r i t s  o f  s ix  d i f f e r e n t  PEG/Dex
p r e c ip i t a t io n  m e t h o d s  w e r e  c o m p a r e d  b y  a  s in g le  e x p e r i -  a Macro method on the Multistat il-lll analyzer with the use of CHOD-PAP 
e n c e d  te c h n ic ia n .  The f i r s t - g e n e r a t io n  p r o c e d u r e s  u s e d  reagent (Boehringer Mannheim, cat. no. 237574). Sample/reagent volumes
(/¿L): 5/150, diluted further with 45 ¡x l of rinsing water; calibrated with Preciset 
solution diluted with Brij-35 wetting agent (no. 430AG-6; Sigma Chemical Co., St. 
Louis, MO) to final cholesterol concentrations of 0.08, 0.39, and 1.29 mmol/L. 
The method for total cholesterol measurement regularly checked for accuracy
are listed here in the same order as in our previous study 
19]. In that study these procedures were validated and 
compared against an ultracentrifugation/precipitation
procedure, very similar to the Centers for Disease Control against the CDC-certified Abell—Kendall method (Lipid Reference Laboratory, 
and Prevention (CDC) HDL method, except that the Rotterdam) in the framework of a specific Dutch cholesterol standardization
program gave observed biases <1.2%.
b Micro method on the Multistat IL-III analyzer as above but with sample/ 
reagent volumes (jaL) of 80/80 further diluted with 20 /xL of rinsing water; 
calibrated with Preciset diluted with Brij to final cholesterol concentrations of
cholesterol was determined with enzymatic analysis. In 
these first-generation HDL methods, the volume of serum 
is >5 times the volume of precipitation reagent. In Tung-B 
and PEG / Dex, second-generation methods, the volume of 0.130 and 0.388 mmoi/L. 
serum is <0.4 times the volume of precipitation reagent.
In the first part of the study, in which only a limited 
number of samples were analyzed, the results were com­
pared with consensus values, i.e., the average values
° Micro analysis on the Hitachi 747 analyzer with CHOD-PAP reagent (cat. no. 
1489704). Sample/reagent volumes (ju,L): 20/250; calibrated with calibrating 
serum (Boehringer, cat. no. 759350) and the specific Hitachi calibrating 
procedure. The method is regularly checked for accuracy of total cholesterol 
measurement against the CDC-certified Abell—Kendall procedure as mentioned
obtained with four different methods that appeared to above; observed biases thus far have been <1.3%. Imprecision = 1.9% (n
give very similar results. Assay conditions of the various
precipitation methods, and of the different ways we 
analyzed for cholesterol, are summarized in Table 1.
30). To attain this accuracy, we routinely corrected the target value of the 
calibrating serum (provided by the supplier) by -4%.
In the first part of this study, the following precipita- After 15 min, the HDL fraction was isolated as described,
tion procedures were evaluated;
Hep [9,10]. One milliliter of serum was mixed with 100 ¡¿L 
of a mixture of equal parts of 40 g /L  sodium heparinate 
solution (156 USP units /mg; Organon, Oss, The Nether-
and cholesterol was determined with the macromethod.
phosphotungstate/Mg2+. We cl
.mgs La te / Mg" 1 method, 
Mannheim (Mannheim,
MnCl2 solution. After 10 min, the Germany; cat. no. 543004): 200 /xL of serum was mixed
1
samples were centrifuged for 15 min at 4000g. The super- with 500 jllL  of precipitation reagent (final concentrations; 
nate was aspirated as described [9] with a Pasteur pipette. 1.1 ¿unol of phosphotungstic acid and 50 mmol of MgCl2 
When turbid, the supernatant was filtered through a per milliliter of serum). After incubation, the supernate
(FP030/3 w a s  iso la te d  as d e s c r ib e d  a b o v e ,  a n d  th e  c h o le s te ro l  w a s
and Schull, Dassel, Germany) [9]. Cholesterol content was determined with a microassay (see Table 1). 
quantified with the macromethod described in Table 1,
and the final concentration was corrected for dilution. Dex [5]. 
J ohnson
We reagent from &
m g 2 + [9 Optimized the Ektachem (Johnson & Johnson) HDL tube
phosphotungstate reagent was prepared by dissolving containing dextran sulfate 50 000/magnesium reagent. 
40 g of phosphotungstic acid (cat. no. 583; Merck, Darm- After incubation, we applied the conditions for fraction- 
stadt, Germany) in distilled water. The pH of the solution ation and cholesterol analysis described above. One mil-
mol/L NaOH [12]
,
Mg2+ concen-
tration of the 2.5 mol/L MgCl 
atomic absorption spectrometry [13]. milliliter
liliter of serum was mixed with 100 ¡jlL  of a mixture of 
equal parts of 2 mol/L MgCl2 and dextran sulfate; the 
HDL fraction was isolated as described and assayed for 
cholesterol with the macromethod.
was mixed with 20 uL of the 2.5 m m ol/L  MgCl
solution (final concen tra tion: 1.39 jtxmol of phosphotung- PEG 6000 [6,8]. One milliliter of serum was mixed with
MgCl2 per milliliter o f  serum) Merck
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and 22.5 g of Fluka (Fuchs, Switzerland) no. 81260 both
dissolved in 100 mL of 0.2 mol/LTris-HCl buffer, pH 8.2]. Blood samples from normolipidemic subjects and from
SPECIMENS
The final PEG 6000 concentration in serum was thus 75 
g/L. After thorough vortex-mixing, incubation, and cen-
patients with various types of hyperlipoproteinemia were 
drawn into Vacutainer Tubes (Becton Dickinson, Ruther-
t i i fu g a t io n ,  HDL f ia c t io n s  w e r e  is o la te d  as above a n d  fo rd , NJ). S e r u m  w a s  i s o l a t e d  within 2 h  a n d  w a s  s to r e d  a t
were determined for cholesterol with the macromethod. 4 °C for no more than 2 days. In the first part of the study, 
26 fresh serum samples with triglycerides <4.7 m m ol/L¿ . o u n l n c n g i y i u c s *-■
PEG/Dex [14]. The leagent, from Instruchemie (Hilverium, were analyzed. In the second part, 406 sera or EDTA-
T h p  M p t h p r  1 a n H c  1 rnn + n -m p rl  D 1 ^  m n l / I  M - .P l  i n n  _  n  ___ •_______  ..i  1 _ _ _■____ _____ 1____J  -1- QF")
u J O "V C1C d ilw iy /id U t ULl Lilt- bCLUl LU- L/ wv-tu wj-
The Netherlands), contained 0.15 mol/L NaCl, 100 g/L containing plasma samples were analyzed (mean
PEG 6000, 37.4 mg/L dextran sulfate 15 000, and 2.6 triglycerides 5.0 ± 6.7 mmol/L; cholesterol 7.1
________ ___  1 / T  / ^ 1  . ___  /*1 A A  T  \  * i
SD
2.7
MgCl mmol/L).' u  ---  \ ----- r ----- / — ------- -- ’ r l j -u u u  fJUi-i i iu x iv i . /  i—ij.
of the HDL-chol precipitation reagent. After incubation, The precipitation capacity of the various HDL-cliol
the supernate was isolated and cholesterol was assayed ’ ’ -- - - - •»
with the micromethod.
tification
methods was studied in two ways. Initially, sera were 
analyzed after addition of increasing concentrations of 
saccharose (20, 75, 125, or 200 g/L) to produce samples 
The cholesterol in the supernates characterized by an increase in background absorbance 
Multistat IL-III (Instrumentation and a slight increase in viscosity. This addition interferes
MA) with the sedimentation of lipoproteins and mirrors the
of two methods, depending on the final concentration of precipitation problems routinely seen in strongly lipemic
used sera- For more-definitive conclusions, we also comparedWe
the CHOD-PAP reagent (cat. no. 237574; Boehringer the precipitation efficiency of the Tung-B, Dex, and PEG
The results of both the micro- and the macro- methods for analysis of frozen stored hypertriglyceride-Mannheim)
plasm
pies, respectively) showed good agreement (r = 0.999). In
mic serum samples with triglycerides concentrations as 
great as 54.7 mmol/L (mean ±  SD plasma triglycerides
measurements
found for the HDL fractions was corrected for the "pre­
cipitation blank" (apparent cholesterol concentration of 
appropriately diluted precipitation reagent); this gener­
ally amounted to <0.03 mmol / L,
reagent, which gave a value of 0.10 mmol / L
Triglycerides assay. Triglycerides were analyzed on the 
Hitachi 747 analyzer with reagent no. 1361155 (both from 
Boehringer Mannheim). We checked the method's accu­
racy against that of a semiautomated colorimetric method 
[15]. Imprecision was 1.6% (n = 30) for concentrations 
^12 mmol/L.
PROCEDURES, PART 2
method
18.8 ± 12.0 mmol/L; plasma cholesterol 10.6 ± 2.8 mmol/
j
L). After centrifugation of the incubated sample / reagent 
mixtures under routine conditions, we analyzed whether 
the supernate was clear, turbid, or clear with a lipid layer 
at the meniscus, as a function of the serum triglyceride 
concentration. These precipitation methods were selected 
for evaluation because they show the largest range in the 
final background density (specific gravity) according to 
variations in sample / reagent ratio (Tung-B vs Dex) or the 
most variation in coprecipitation of proteins (PEG and 
Tung-B vs Dex).
Separately, 10 to 34 similarly strongly lipemic sera 
were analyzed with the various precipitation methods; all 
had a plasma triglyceride concentration >10 mmol/L, 
and all were analyzed both undiluted and twofold diluted 
with saline or with bovine serum albumin (Cohn Fraction 
V), 40 g/L.
STATISTICAL ANALYSIS
evaluated under routine conditions by 33 different tech­
nicians in the routine laboratory, the technicians having 
been individually instructed by the one experienced col­
league who performed the first part of the study. Because Results are given as mean 
of the extensive previous validation and experience with Student's paired f-test. Results obtained by different 
the PEG 6000 method, we used this method for compar- methods were correlated by use of Pearson's correlation 
ison. Cholesterol was measured in the routine laboratory test with the application of the SSPS/PC statistical soft-
w e r e
with a Hitachi 747 analyzer (using the microassay version
__ é  __ »  _  H  A  ƒ  M  ■
Chicago, 1L). We
described in Table 1). As a further validation of the the standard errors (SE) in the intercept, slope, and
Tung-B method, we analyzed for 3 days in duplicate 7 
fresh serum samples with HDL-chol concentrations rang­
ing from 0.73 to 2.13 mmol/L; aliquots of these sera were 
also analyzed by the official CDC HDL-chol method at the 
Lipid Reference Laboratory (Rotterdam, The Nether-
estimate (S;/|.v), using the test of Passing and Bablock. For 
most intermethod comparisons, the deviations in inter-
om
method
x
mentioned
•Boersma gnificant
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s a n
of the PEG method was 
slightly lower, followed in order by the Tung-L, Dex, and 
Hep methods. The supplier states that twofold d ilu tion  
with saline enhances the precipitation efficiency. This w as 
indeed true but gave slightly inaccurate results: 0.63 ± 
0.32 mmol/L vs 0.72 ± 0.31 mmol/L in undiluted sam ples
( n 10, P <0.001). The difference was smaller w hen  60
Results Precipitation capacity of the methods. As evaluated w ith the
Accuracy o f the various precipitation methods. After several saccharose-containing samples and hypertriglyceridemic 
trial sessions to become acquainted with the various sera, both second-generation methods had the best p re­
precipitation procedures, the solo technician assayed 26 cipitation efficiency, success
different sera over 2 days in the first part of this study. As with triglyceride concentrations of <16.4 to 17.6 m m ol /  L. 
in a previous evaluation in which we analyzed the sam- The precipitation 
pies for HDL with two different cholesterol reagents, we 
observed a good agreement between the results of all 
methods. On the basis of the previous study, we selected 
the PEG 6000 method as the comparison method. Evalu­
ation of the results showed that those obtained with
Tung-B, Dex, PEG 6000, and PEG/Dex methods were 
similar (P >0.4; intermethod CV = 3.6%). Given the 
relatively small number of samples analyzed, we aver­
aged the results obtained in the Tung-B, Dex, PEG 6000, 
and PEG / Dex methods and used these averages as "con­
sensus" values with which the results of all HDL methods 
were compared. In agreement with previous results [9], 
the Hep results showed a positive bias, despite the blank 
correction (Table 2). This is inherent to (typical of) inter­
ference of Mn2+ with the cholesterol assay, not an inac­
curacy of the precipitation procedure. Also in agreement 
with the previous study [9], the Tung-L method results 
showed a negative bias, for unknown reasons.
g/L bovine serum albumin instead of saline was u sed  as 
diluent for turbid samples: 0.60 ± 0.22 vs 0.64 ± 0.32
mmol/L, respectively (n = 34, P <0.001), This la tter
modification was indeed very effective, such that only
>28.0 m m o l/Lse ra with
needed ultrafiltration. Such samples necessarily contain  
chylomicrons but, by careful handling, aspiration o f the 
flocculate at the meniscus can largely be avoided. C onse­
quently, the obligatory ultrafiltration step is very sim ple  
to perform. Moreover, even without dilution, eventual 
ultrafiltration of these samples gave values similar to 
those obtained with the PEG method: 0.74 ± 0.28 vs
0.74 ± 0.31 mmol/L, respectively (n 34).
Table 2. Results of 6 different HDL-chol precipitation methods compared.
HDL-chol methods 
compared (x)
• Slope Intercept, mmol/L
y»
m m ol/LMean 95% Cl Mean 95% Cl r Mean x, mmol/L
Heparin/Mn2 * 1.03 0.91-1.17 0.08 0.08 to 0.25 0.94 1.45 (0.35)" 0 .0 7
Tung-L 0.97 0.93-1.03 —0.04 —0.11 to 0.02 1.00 1.21 <0.34)a 0 .0 2
Tung-B 1.13 1.05-1.21 — 0.12 —0.24 to -0 .05 0.99 1.32 (0.39) 0 .0 2
Dex 1.00 0.94-1.06 -0 .02 0.08 to 0.06 1.00 1.27 (0.34) 0 .0 2
PEG 6000 1.08 0.98-1.15 -0 .0 1 0.11 to 0.10 0.99 1.37 (0.37) 0 .0 3
PEG/Dex 1.05 0.94-1.07 “ 0.05 —0.06 to 0.04 0.98 1.30 (0.34) 0 .0 2
Results obtained by one experienced technician for 26 sera with the various methods were compared with the consensus value [1.32 (0.35) mmol/L], calculated 
from the average results obtained with the Tung-B, Dex, PEG 6000, and PEG/Dex methods.
" P <0.01 by Student’s t-test vs the consensus value.
i'hw i r j i i m M i »T»rmm
Table 3. Precipitation efficiency of the various HDL-chol precipitation methods
HDL not successfully precipitated at "
Triglycerides, mmol/L
HDL method Saccharose, g/L Present study Former study
Hep >75 ND >2.4
Tung-L >125 ND >7.6
Tung-B >200 >16.4 to 17.6 (>28.0)^ ND
Dex >75 >4.1 >4.0
PEG 6000 >125 >10.0 >18.5
PEG/Dex >200 ND ND
Precipitation was tested In two ways: by raising the background absorbance of the serum with saccharose (final concentrations 75, 125, or 200 g/L): and by 
assaying hypertriglyceridemic serum with triglyceride concentrations up to 54.7 mmol/L.
^Concentration below which sedimentation of apolipoprotein B-containing lipoproteins was successful after diluting the serum with an equal volume of SO g/L bovine 
serum albumin.
ND, not done.
Although we did not evaluate this possibility, the 
PEG / Dex method probably yields the lowest number of 
turbid supernates for these strongly lipemic samples 
because the samples are the most highly diluted in this 
method.
■> p-t-« • r i  — -----v " . '  • -  •• * ’ •  — , w  '
/
/
/
irecision of the various Three frozen stored 
serum samples (cholesterol <6.0 mmol/L; triglycerides 
<2.0 mmol / L) were analyzed with the various HDL-chol 
procedures by an experienced technician on 5 different 
days. None of these sera yielded turbid supernates. The 
imprecision of the various methods, expressed as SDs, 
ranged from 0.02 ± 0.01 mmol/L to 0.04 ± 0.01 mmol/L. 
Analyses of the samples containing 200 g/L saccharose 
with the first-generation precipitation methods frequently 
required ultrafiltration of the supernates. Because of the 
ultrafiltration step, the imprecision in these samples with
O 3
E
EE,
GOI
CD
C
t
-r precipitation reagent was to the values
0
r t'
-i 'i , . M -i'............... • • ' "•1 •* •' '' V- • t ' "i
0 1
obtained for the frozen serum pools without saccharose, PEG (mmol/L)
except for the values obtained with the Hep method (SD Fig. 1. HDL-chol values obtained with the Tung-B (y) and PEG (x)
0.12 ± 0.05 mmol/L). Thus, both second-generation pre­
cipitation methods were the most efficient and resulted in 
the highest possible precision.
routine conditions.
The Tung-B method appears to be accurate and precise, 
and its reagent composition is simple and widely avail­
able, in contrast to the PEG/Dex reagent. Therefore, we 
selected the Tung-B method for future use on the routine
. As a test, 33 different technicians analyzed 406 
samples over 6 weeks. The results agreed well with those 
obtained with the PEG method, irrespective of the triglyc­
eride concentration or any need for ultrafiltration (Fig. 1).
methods compared.
The Tung-B method was used under routine conditions with 33 participating 
technicians; the PEG method was performed at the research laboratory by 
several experienced technicians. As stated in the text, 406 samples (mean ± SD 
triglycerides 5.0 ± 6.7 mmol/L; cholesterol 7.1 ± 2.7 mmoi/L) were analyzed, 
giving the following results: x = 1.18 ± 0.45 mmol/L, y  = 1.19 ± 0.46 mmol/L; 
linear regression equation: y  = (1.00 ± 0.01)x + (0.00 ± 0.01) mmol/L; r  - 
0.98, = 0.030 mmol/L. In a separate series were analyzed 23 hyperllpld- 
emic samples with triglycerides concentrations up to 10 mmol/L; these sam­
ples, which were twofold diluted with 40 g/L bovine serum albumin and 
eventually ultrafiltered, yielded the following results: x -■ 0.59 ± 0.20 mmol/L, 
y = 0.60 ± 0.18 mmol/L; linear regression equation: y  « (0.92 ± 0.04)x t- 
(0.04 ± 0.06) mmol/L; r ~ 0.96, S^ .v -  0.040 mmol/L.
m
sterol
Discussion
For the second time we show that most first-generation 
HDL-chol methods are similarly accurate, except for the 
Tung-L method, which in our hands has a slight negative 
bias. The positive bias we obtained for the Hep method 
resulted from interference or M rr in 
mination with the CHOD-PAP reagent. This interference 
is absent when other cholesterol reagents are used, but in
necessitated a blank determination for each 
sample [6] (the catalase cholesterol reagent we used in our
earlier study is no longer available). However, as sug- concentrations characteristic for HDL samples produced
criteria for accuracy and 
GDC HDL-chol method.
The HDL-chol determination necessarily consists 
two steps: separation of the apolipoprotein B-containing 
lipoproteins from t 
and precise determination of the cholesterol in the HDL 
fractions. For many years our research and routine 
ratories have participated in a national quality 
designed to control the quality of total serum 
determinations. Control sera are targeted on the 
analysis with the certified Abell-Kendall
[18], With this as a base for accuracy, we designed specific
s so  a s  to ol at low
c o u
in our previous work, 
to cholesterol analysis
PEG 6000 method,
the CHOD-PAP
with either first- or second-generation precipitation meth 
ods. This involved simply increasing the ratio
reagent, emerged as a reliable method suitable for com- to cholesterol reagent and diluting our primary
parison purposes because of (a) its excellent agreement tors. Irrespective of the absolute cholesterol concentration
with the ultracentrifugation/Hep precipitation method, in the samples, precision was always satisfactory, at least
(b) its good agreement with density-gradient ultracentrif- if a proper sample / reagent ratio was selected.
ugation [17], (c) its precipitation efficiency in lipemic Because of its
samples, and (d) our positive experience with this method Tung-B method is more generally applicable than the PEC■"*1 3
in all our research projects in the last 15 years. Moreover, 6000 method, 
calibrating the Tung-B method against the PEG 6000 
method fulfilled National Cholesterol Education Program
'ncy of
c o m p a r i s o n
to
CDC
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cholesterol in high density lipoprotein. Clin Chem 1980; 
26:1775-9.
9. Demacker PNM, Vos-Janssen HE, Hijmans AGM, van 't Laar A, 
Jansen AP. Measurement of high-density lipoprotein cholesterol in 
serum: comparison of six isolation methods combined with enzy­
matic cholesterol analysis. Clin Chem 1980;26:1780-6.
10. Burstein M, Scholnick HR. Lipoprotein-poiyanion-metai interac­
tions. Adv Lipid Res 1973;11:67-108.
bichromatic analysis. Evaluations at higher triglyceride 11. Lopes-Virella MF, Stone P, Ellis S, Colwell JA. Cholesterol deter
HDL-chol standardization, is limited, however. Therefore, 
we suggest a broader application of the Tung-B method 
for standardization purposes.
Recently, "third-generation" HDL-chol methods have 
been introduced, in which no precipitation step is used 
[19, 20]. Samples with triglyceride concentrations as great 
as 30 mmol/L can be analyzed without problems by using
concentrations are scarce, although the results reported 
thus far are promising [19-22], Such direct HDL analysis 
is efficient, but the reagent costs, including the disposable 
costs, are two- to threefold higher than with the Tung-B 
method. Moreover, the results by the Tung method are at 
least as good as those by the direct HDL method. The 
choice between both options is, therefore, a question of 
the motivation of the technicians and the available bud­
get.
We thank C. Boersma Cobbaert (Lipid Reference Labora­
tory, Erasmus University, Rotterdam/ The Netherlands) 
for performing the CDC HDL-chol analyses.
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Precipitation methods for high-density lipoprotein
cholesterol measurement compared, and final 
evaluation under routine operating conditions of a
method with a low sample-to-reagent ratio
P ie r r e  N.M. D e m a c k e r ,1* M a r ja  H e s s e ls ,2 H e lg a  T o e n h a k e -D ijk s tr a ,2 and
H e n k  Ba a d e n h u ijs e n 2
We evaluated six precipitation methods for high-density 
lipoprotein cholesterol (HDL-chol) determination: the 
heparin/Mn2+ precipitation reagent method (Hep), two 
variants of the phosphotungstic acid/Mg2+ method 
(Tung-L and Tung-B), the dextran sulfate 50 000/Mg2+ 
method (Dex), the PEG 6000 method (PEG), and the PEG 
6000/dextran sulfate 15 000 (PEG/Dex) method. The 
Tung-B and PEG/Dex precipitation methods have a low 
sample/precipitation reagent volume ratio (<0.4). The 
Tung-B, Dex, PEG, and PEG/Dex methods gave similar 
values, averaging within 0.1 mmol/L of each other, 
showing that the precipitation selectivity of these meth­
ods is comparable. The precipitation efficiency of
i
Tung-B and Peg/Dex, however, was superior. Ultrafil­
tration of the supernatants was needed only at triglyc­
eride concentrations >16.4 mmol/L (undiluted sample) 
or >28.0 mmol/L (sample diluted twofold); however, 
ultrafiltration without dilution was the most accurate
*
method. Results of Tung-B under routine conditions (33 
technicians) agreed well with those of the PEG method 
for 406 normo- and hyperlipidemic plasma samples. By 
comparison with the HDL-chol method from the Cen­
ters for Disease Control and Prevention, the Tung-B 
method showed a total error of 10.6%, which fulfills the 
criteria of the National Cholesterol Education Program 
for HDL-chol analysis. In conclusion, with motivated 
personnel, Tung-B is a reliable, cost-effective method 
for routine HDL-chol analysis.
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Nijmegen, The Netherlands.
* Author for correspondence. Fax 0031-24-3541346.
Received June 5, 1996; revised November 14,1996; accepted November 15,
1996.
in d e x in g  t e r m s : lipoproteins • method comparison • 
laboratory management
Proper risk estimation for coronary heart disease involves 
total cholesterol and high-density lipoprotein cholesterol 
(HDL-chol) measurements [1-4].3 HDL-chol measure­
ment is still problematic, despite the general use of a 
Proposed Selected Method [5], especially in samples that 
have been frozen and in lipemic plasma samples [6, 7]. 
Earlier, we introduced and fully validated the polyethyl­
ene glycol (PEG) 6000 method [8]. Given its excellent 
agreement with ultracentrifugation/heparin-Mn2+ (Hep) 
precipitation and its problem-free use in all our research 
projects in the last 15 years, the PEG 6000 method has, in 
our area, gradually gained the status of a "Regional 
Designated Comparison Method." This attainment was 
stimulated by its superior precipitation efficiency among 
all the first-generation precipitation methods [6, 9]. Al­
though the results obtained with the PEG 6000 method 
are scientifically reliable, the analyses must be performed 
by a specialized group of technicians.
Given the steady growth in the number of requests for 
HDL-chol determinations, we felt the need for another 
method, one that could be used more generally, i.e., in the 
routine laboratory also. For this purpose we evaluated 
several "first-generation" precipitation methods, includ-
3 Nonstandard abbreviations: chol, cholesterol; Hep, heparin/Mn2+; 
Tung-L, phosphotungstate/Mg2+ (Lopes-Virella version); Tung-B, phosphp- 
tungstate/Mg24* (Boehringer version); Dex, dextran sulfate 50 000/Mg2+; PEG 
6000, polyethylene glycol 6000; PEG/Dex, polyethylene glycol 6000/dextran 
sulfate 15 000; first- (second-) generation precipitation method, HDL assay 
performed with concentrated (diluted) precipitation reagent, resulting in 
concentrated (diluted) HDL samples; macro- and micromethods, cholesterol 
analysis under conditions optimal for cholesterol concentrations between 0.1 
and 3.5 mmol/L or from 0.01 to 0.35 mmol/L, respectively; CDC, Centers for 
Disease Control and Prevention.
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oposeci Selected Method, which uses dextran 
000/Mg-1 (Dex) [5]. We also included two
Table 1 .  Procedures used in the two parts of this study.
// second-generation" methods First part
Second part
more diluted precipitation reagent to obtain more-effec-
s h o w
Precipitation methods
Cholesterol
method
Precipitation
methods
Cholesterol
method
2 +
m u s t
taken into account in generating the best analytical results 
in a routine laboratory.
Materials and Methods
PROCEDURES, PART 1
Heparin/Mn
1
Phosphotungstate/Mg
(Tung-L)
Phosphotungstate/Mg
(Tung-B)
Dextran sulfate/Mg
PEG 6000
2 +
Macro
Macro
a
a
2 + Micro0 Tung-B Micro6'
2-h Macro 
Macro 
Micro0
a PEG 6000 Macro
*
In the first part of this study, the merits of six different PEG/Dex
precipitation methods were compared by a single experi- a Macro method on the Multistat il-lll analyzer with the use of CHOD-PAP 
enced technician. The first-generation procedures used reagent (Boehringer Mannheim, cat. no. 237574). Sample/reagent volumes
(/¿L): 5/150, diluted further with 45 ¡x l of rinsing water; calibrated with Preciset 
solution diluted with Brij-35 wetting agent (no. 430AG-6; Sigma Chemical Co., St. 
Louis, MO) to final cholesterol concentrations of 0.08, 0.39, and 1.29 mmol/L. 
The method for total cholesterol measurement regularly checked for accuracy
are listed here in the same order as in our previous study 
19]. In that study these procedures were validated and 
compared against an ultracentrifugation/precipitation
procedure, very similar to the Centers for Disease Control against the CDC-certified Abell—Kendall method (Lipid Reference Laboratory, 
and Prevention (CDC) HDL method, except that the Rotterdam) in the framework of a specific Dutch cholesterol standardization
program gave observed biases <1.2%.
b Micro method on the Multistat IL-III analyzer as above but with sample/ 
reagent volumes (jaL) of 80/80 further diluted with 20 /xL of rinsing water; 
calibrated with Preciset diluted with Brij to final cholesterol concentrations of
cholesterol was determined with enzymatic analysis. In 
these first-generation HDL methods, the volume of serum 
is >5 times the volume of precipitation reagent. In Tung-B 
and PEG / Dex, second-generation methods, the volume of 0.130 and 0.388 mmoi/L. 
serum is <0.4 times the volume of precipitation reagent.
In the first part of the study, in which only a limited 
number of samples were analyzed, the results were com­
pared with consensus values, i.e., the average values
° Micro analysis on the Hitachi 747 analyzer with CHOD-PAP reagent (cat. no. 
1489704). Sample/reagent volumes (ju,L): 20/250; calibrated with calibrating 
serum (Boehringer, cat. no. 759350) and the specific Hitachi calibrating 
procedure. The method is regularly checked for accuracy of total cholesterol 
measurement against the CDC-certified Abell—Kendall procedure as mentioned
obtained with four different methods that appeared to above; observed biases thus far have been <1.3%. Imprecision = 1.9% (n
give very similar results. Assay conditions of the various
precipitation methods, and of the different ways we 
analyzed for cholesterol, are summarized in Table 1.
30). To attain this accuracy, we routinely corrected the target value of the 
calibrating serum (provided by the supplier) by -4%.
In the first part of this study, the following precipita- After 15 min, the HDL fraction was isolated as described,
tion procedures were evaluated;
Hep [9,10]. One milliliter of serum was mixed with 100 ¡¿L 
of a mixture of equal parts of 40 g /L  sodium heparinate 
solution (156 USP units/mg; Organon, Oss, The Nether-
and cholesterol was determined with the macromethod.
phosphotungstatelMg2+. We cl
.mgs ta te / Mg"1 method, 
Mannheim (Mannheim,
MnCl2 solution. After 10 min, the Germany; cat. no. 543004): 200 /xL of serum was mixed
1
samples were centrifuged for 15 min at 4000g. The super- with 500 juL of precipitation reagent (final concentrations: 
nale was aspirated as described [9] with a Pasteur pipette. 1.1 ¿unol of phosphotungstic acid and 50 mmol of MgCL 
When turbid, the supernatant was filtered through a per milliliter of serum). After incubation, the supernate
(FP030/3 was isolated as described above, and the cholesterol was
and Schull, Dassel, Germany) [9]. Cholesterol content was determined with a microassay (see Table 1). 
quantified with the macromethod described in Table 1,
and the final concentration was corrected for dilution. Dex [5]. 
J ohnson
We reagent f ro m &
m g 2 + [9 Optimized the Ektachem (Johnson & Johnson) HDL tube
phosphotungstate reagent was prepared by dissolving containing dextran sulfate 50 000/magnesium reagent. 
40 g of phosphotungstic add (cat. no. 583; Merck, Darm- After incubation, we applied the conditions for fraction- 
stadt, Germany) in distilled water. The pH of the solution ation and cholesterol analysis described above. One mil-
mol/L NaOH [12]
,
Mg2+ concen-
tration of the 2.5 mol/L MgCl 
atomic absorption spectrometry [13]. milliliter
liliter of serum was mixed with 100 ¡jlL  of a mixture of 
equal parts of 2 mol/L MgCl2 and dextran sulfate; the 
HDL fraction was isolated as described and assayed for 
cholesterol with the macromethod.
was mixed with 20 uL of the 2.5 m m ol/L  MgCl
solution (final concentration: 1.39 jtxmol of phosphotung- PEG 6000 [6,8]. One milliliter of serum was mixed with
MgCl2 per milliliter of serum) Merck
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and 22.5 g of Fluka (Fuchs, Switzerland) no. 81260 both
dissolved in 100 mL of 0.2 mol/LTris-HCl buffer, pH 8.2]. Blood samples from normolipidemic subjects and from
SPECIMENS
The final PEG 6000 concentration in serum was thus 75 
g/L. After thorough vortex-mixing, incubation, and cen-
patients with various types of hyperlipoproteinemia were 
drawn into Vacutainer Tubes (Becton Dickinson, Ruther-
tiifugation, HDL fiactions were isolated as above and ford, N J ) .  S e r u m  w a s  i s o l a t e d  within 2  h and was stored at
were determined for cholesterol with the macromethod. 4 °C for no more than 2 days. In the first part of the study, 
26 fresh serum samples with triglycerides <4.7 m m ol/L¿ . o u n l n c n g i y i u c s *-■
PEG/Dex [14]. The leagent, from Instruchemie (Hilverium, were analyzed. In the second part, 406 sera or EDTA-
T h p  M p f h p r  1 a n H c  1 rnn + n -m p rl  D 1 ^  m n l / I  M - .P l i n n  _  n  ___ •_______  ..i  1 _ _ _■____ _____ 1____J  -1- QF")
u J O "V C1C d ilw iy /id U t ULl Lilt- bCLUl LU- L/ wv-tu wj-
The Netherlands), contained 0.15 mol/L NaCl, 100 g/L containing plasma samples were analyzed (mean
PEG 6000, 37.4 mg/L dextran sulfate 15 000, and 2.6 triglycerides 5.0 ± 6.7 mmol/L; cholesterol 7.1
________ ___  1 / T  / ^ 1  . ___  /*1 A A  T  \  * i
SD
2.7
MgCl mmol/L).' u  ---  \ ----- r ----- / — ------- -- ’ r l j -u u u  fJUi-i i iu x iv i . /  i—ij.
of the HDL-chol precipitation reagent. After incubation, The precipitation capacity of the various HDL-chol
the supernate was isolated and cholesterol was assayed ’ ’ -- - - - •»
with the micromethod.
tification
methods was studied in two ways. Initially, sera were 
analyzed after addition of increasing concentrations of 
saccharose (20, 75, 125, or 200 g/L) to produce samples 
The cholesterol in the supernates characterized by an increase in background absorbance 
Multistat IL-III (Instrumentation and a slight increase in viscosity. This addition interferes
MA) with the sedimentation of lipoproteins and mirrors the
of two methods, depending on the final concentration of precipitation problems routinely seen in strongly lipemic
used sera- For more-definitive conclusions, we also comparedWe
the CHOD-PAP reagent (cat. no. 237574; Boehringer the precipitation efficiency of the Tung-B, Dex, and PEG
The results of both the micro- and the macro- methods for analysis of frozen stored hypertriglyceride-Mannheim)
plasm
pies, respectively) showed good agreement (r = 0.999). In
mic serum samples with triglycerides concentrations as 
great as 54.7 mmol/L (mean ±  SD plasma triglycerides
measurements
found for the HDL fractions was corrected for the "pre­
cipitation blank" (apparent cholesterol concentration of 
appropriately diluted precipitation reagent); this gener­
ally amounted to <0.03 mmol / L,
reagent, which gave a value of 0.10 mmol / L
Triglycerides assay. Triglycerides were analyzed on the 
Hitachi 747 analyzer with reagent no. 1361155 (both from 
Boehringer Mannheim). We checked the method's accu­
racy against that of a semiautomated colorimetric method 
[15]. Imprecision was 1.6% (n = 30) for concentrations 
^12 mmol/L.
PROCEDURES, PART 2
method
18.8 ± 12.0 mmol/L; plasma cholesterol 10.6 ± 2.8 mmol/
j
L). After centrifugation of the incubated sample / reagent 
mixtures under routine conditions, we analyzed whether 
the supernate was clear, turbid, or clear with a lipid layer 
at the meniscus, as a function of the serum triglyceride 
concentration. These precipitation methods were selected 
for evaluation because they show the largest range in the 
final background density (specific gravity) according to 
variations in sample / reagent ratio (Tung-B vs Dex) or the 
most variation in coprecipitation of proteins (PEG and 
Tung-B vs Dex).
Separately, 10 to 34 similarly strongly lipemic sera 
were analyzed with the various precipitation methods; all 
had a plasma triglyceride concentration >10 mmol/L, 
and all were analyzed both undiluted and twofold diluted 
with saline or with bovine serum albumin (Cohn Fraction 
V), 40 g/L.
STATISTICAL ANALYSIS
evaluated under routine conditions by 33 different tech­
nicians in the routine laboratory, the technicians having 
been individually instructed by the one experienced col­
league who performed the first part of the study. Because Results are given as mean 
of the extensive previous validation and experience with Student's paired f-test. Results obtained by different 
the PEG 6000 method, we used this method for compar- methods were correlated by use of Pearson's correlation 
ison. Cholesterol was measured in the routine laboratory test with the application of the SSPS/PC statistical soft-
were
with a Hitachi 747 analyzer (using the microassay version
__ é  __ »  _  H  A  ƒ  M  ■
Chicago, 1L). We
described in Table 1). As a further validation of the the standard errors (SE) in the intercept, slope, and
Tung-B method, we analyzed for 3 days in duplicate 7 
fresh serum samples with HDL-chol concentrations rang­
ing from 0.73 to 2.13 mmol/L; aliquots of these sera were 
also analyzed by the official CDC HDL-chol method at the 
Lipid Reference Laboratory (Rotterdam, The Nether-
estimate (Svjv), using the test of Passing and Bablock. For 
most intermethod comparisons, the deviations in inter-
om
method
x
mentioned
•Boersma gnificant
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s a n
of the PEG method was 
slightly lower, followed in order by the Tung-L, Dex, and 
Hep methods. The supplier states that twofold d ilu tion  
with saline enhances the precipitation efficiency. This w as 
indeed true but gave slightly inaccurate results: 0.63 ± 
0.32 mmol/L vs 0.72 ± 0.31 mmol/L in undiluted sam ples
( n 10, P <0.001). The difference was smaller w hen  60
Results Precipitation capacity of the methods. As evaluated w ith the
Accuracy o f the various precipitation methods. After several saccharose-containing samples and hypertriglyceridemic 
trial sessions to become acquainted with the various sera, both second-generation methods had the best p re­
precipitation procedures, the solo technician assayed 26 cipitation efficiency, success
different sera over 2 days in the first part of this study. As with triglyceride concentrations of <16.4 to 17.6 m m ol /  L. 
in a previous evaluation in which we analyzed the sam- The precipitation 
pies for HDL with two different cholesterol reagents, we 
observed a good agreement between the results of all 
methods. On the basis of the previous study, we selected 
the PEG 6000 method as the comparison method. Evalu­
ation of the results showed that those obtained with
Tung-B, Dex, PEG 6000, and PEG/Dex methods were 
similar (P >0.4; intermethod CV = 3.6%). Given the 
relatively small number of samples analyzed, we aver­
aged the results obtained in the Tung-B, Dex, PEG 6000, 
and PEG / Dex methods and used these averages as "con­
sensus" values with which the results of all HDL methods 
were compared. In agreement with previous results [9], 
the Hep results showed a positive bias, despite the blank 
correction (Table 2). This is inherent to (typical of) inter­
ference of Mn2+ with the cholesterol assay, not an inac­
curacy of the precipitation procedure. Also in agreement 
with the previous study [9], the Tung-L method results 
showed a negative bias, for unknown reasons.
g/L bovine serum albumin instead of saline was u sed  as 
diluent for turbid samples: 0.60 ± 0.22 vs 0.64 ± 0.32
mmol/L, respectively (n = 34, P <0.001), This la tter 
modification was indeed very effective, such that only
>28.0 m m o l/Lsera with
needed ultrafiltration. Such samples necessarily contain  
chylomicrons but, by careful handling, aspiration o f the 
flocculate at the meniscus can largely be avoided. C onse­
quently, the obligatory ultrafiltration step is very sim ple  
to perform. Moreover, even without dilution, eventual 
ultrafiltration of these samples gave values similar to 
those obtained with the PEG method: 0.74 ± 0.28 vs
0.74 ± 0.31 mmol/L, respectively (n 34).
Table 2. Results of 6 different HDL-chol precipitation methods compared.
HDL-chol methods 
compared (x)
• Slope Intercept, mmol/L
y»
m m ol/LMean 95% Cl Mean 95% Cl r Mean x, mmol/L
Heparin/Mn2 * 1.03 0.91-1.17 0.08 0.08 to 0.25 0.94 1.45 (0.35)" 0 .0 7
Tung-L 0.97 0.93-1.03 —0.04 —0.11 to 0.02 1.00 1.21 <0.34)a 0 .0 2
Tung-B 1.13 1.05-1.21 — 0.12 —0.24 to -0 .05 0.99 1.32 (0.39) 0 .0 2
Dex 1.00 0.94-1.06 -0 .02 0.08 to 0.06 1.00 1.27 (0.34) 0 .0 2
PEG 6000 1.08 0.98-1.15 -0 .0 1 0.11 to 0.10 0.99 1.37 (0.37) 0 .0 3
PEG/Dex 1.05 0.94-1.07 “ 0.05 —0.06 to 0.04 0.98 1.30 (0.34) 0 .0 2
Results obtained by one experienced technician for 26 sera with the various methods were compared with the consensus value [1.32 (0.35) mmol/L], calculated 
from the average results obtained with the Tung-B, Dex, PEG 6000, and PEG/Dex methods.
" P <0.01 by Student’s t-test vs the consensus value.
i'hw i f j i i m M i > ir m m
Table 3. Precipitation efficiency of the various HDL-chol precipitation methods
HDL not successfully precipitated at "
Triglycerides, mmol/L
HDL method Saccharose, g/L Present study Former study
Hep >75 ND >2.4
Tung-L >125 ND >7.6
Tung-B >200 >16.4 to 17.6 (>28.0)^ ND
Dex >75 >4.1 >4.0
PEG 6000 >125 >10.0 >18.5
PEG/Dex >200 ND ND
Precipitation was tested In two ways: by raising the background absorbance of the serum with saccharose (final concentrations 75, 125, or 200 g/L): and by 
assaying hypertrigiyceridemic serum with triglyceride concentrations up to 54.7 mmol/L.
^Concentration below which sedimentation of apolipoprotein B-containing lipoproteins was successful after diluting the serum with an equal volume of SO g/L bovine 
serum albumin.
ND, not done.
Although we did not evaluate this possibility, the 
PEG / Dex method probably yields the lowest number of 
turbid supernates for these strongly lipemic samples 
because the samples are the most highly diluted in this 
method.
■> p-t-« • r i  — -----v " . '  • -  •• * ’ •  — , w  '
/
/
/
irecision of the various Three frozen stored 
serum samples (cholesterol <6.0 mmol/L; triglycerides 
<2.0 mmol / L) were analyzed with the various HDL-chol 
procedures by an experienced technician on 5 different 
days. None of these sera yielded turbid supernates. The 
imprecision of the various methods, expressed as SDs, 
ranged from 0.02 ± 0.01 mmol/L to 0.04 ± 0.01 mmol/L. 
Analyses of the samples containing 200 g/L saccharose 
with the first-generation precipitation methods frequently 
required ultrafiltration of the supernates. Because of the 
ultrafiltration step, the imprecision in these samples with
O 3
E
EE,
GOI
CD
C
t
-r precipitation reagent was to the values
0
r t'
-i 'i , . M -i'............... • • ' "•1 •* •' '' V- • t ' "i
0 1
obtained for the frozen serum pools without saccharose, P E G  (m m ol/L )
except for the values obtained with the Hep method (SD Fig. 1. HDL-chol values obtained with the Tung-B (y) and PEG (x)
0.12 ± 0.05 mmol/L). Thus, both second-generation pre­
cipitation methods were the most efficient and resulted in 
the highest possible precision.
routine conditions.
The Tung-B method appears to be accurate and precise, 
and its reagent composition is simple and widely avail­
able, in contrast to the PEG/Dex reagent. Therefore, we 
selected the Tung-B method for future use on the routine
. As a test, 33 different technicians analyzed 406 
samples over 6 weeks. The results agreed well with those 
obtained with the PEG method, irrespective of the triglyc­
eride concentration or any need for ultrafiltration (Fig. 1).
methods compared.
The Tung-B method was used under routine conditions with 33 participating 
technicians; the PEG method was performed at the research laboratory by 
several experienced technicians. As stated in the text, 406 samples (mean ± SD 
triglycerides 5.0 ± 6.7 mmol/L; cholesterol 7.1 ± 2.7 mmoi/L) were analyzed, 
giving the following results: x = 1.18 ± 0.45 mmol/L, y  = 1.19 ± 0.46 mmol/L; 
linear regression equation: y  = (1.00 ± 0.01)x + (0.00 ± 0.01) mmol/L; r  - 
0.98, = 0.030 mmol/L. In a separate series were analyzed 23 hyperllpld- 
emic samples with triglycerides concentrations up to 10 mmol/L; these sam­
ples, which were twofold diluted with 40 g/L bovine serum albumin and 
eventually ultrafiltered, yielded the following results: x -■ 0.59 ± 0.20 mmol/L, 
y = 0.60 ± 0.18 mmol/L; linear regression equation: y  « (0.92 ± 0.04)x t- 
(0.04 ± 0.06) mmol/L; r ~ 0.96, S^ .v -  0.040 mmol/L.
m
s le ro l
Discussion
For the second time we show that most first-generation 
HDL-chol methods are similarly accurate, except for the 
Tung-L method, which in our hands has a slight negative 
bias. The positive bias we obtained for the Hep method 
resulted from interference or M rr in 
mination with the CHOD-PAP reagent. This interference 
is absent when other cholesterol reagents are used, but in
necessitated a blank determination for each 
sample [61 (the catalase cholesterol reagent we used in our
earlier study is no longer available). However, as sug- concentrations characteristic for HDL samples produced
criteria for accuracy and 
GDC HDL-chol method.
The HDL-chol determination necessarily consists 
two steps: separation of the apolipoprotein B-containing 
lipoproteins from t 
and precise determination of the cholesterol in the HDL 
fractions. For many years our research and routine 
ratories have participated in a national quality 
designed to control the quality of total serum 
determinations. Control sera are targeted on the 
analysis with the certified Abell-Kenclall
[18]. With this as a base for accuracy, we designed specific
s so  a s  to ol at low
c o u
in our previous work, 
to cholesterol analysis
PEG 6000 method, 
the CHOD-PAP
with either first- or second-generation precipitation meth 
ods. This involved simply increasing the ratio
reagent, emerged as a reliable method suitable for com- to cholesterol reagent and diluting our primary
parison purposes because of (a) its excellent agreement tors. Irrespective of the absolute cholesterol concentration
with the ultracentrifugation/Hep precipitation method, in the samples, precision was always satisfactory, at least
(b) i ts good agreement with density-gradient ultracentrif- if a proper sample / reagent ratio was selected.
ugation [17], (c) its precipitation efficiency in lipemic Because of its
samples, and (d) our positive experience with this method Tung-B method is more generally applicable than the PEC■"*1 3
in all our research projects in the last 15 years. Moreover, 6000 method, 
calibrating the Tung-B method against the PEG 6000 
method fulfilled National Cholesterol Education Program
m c y  o f
c o m p a r i s o n
t o
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serum: comparison of six isolation methods combined with enzy­
matic cholesterol analysis. Clin Chem 1980;26:1780-6.
10. Burstein M, Scholnick HR. Lipoprotein-poiyanion-metai interac­
tions. Adv Lipid Res 1973;11:67-108. 
bichromatic analysis. Evaluations at higher trig lyceride 11. Lopes-Virella MF, Stone P, Ellis S, Colwell JA. Cholesterol deter
HDL-chol standardization, is limited, however. Therefore, 
we suggest a broader application of the Tung-B method 
for standardization purposes.
Recently, "third-generation" HDL-chol methods have 
been introduced, in which no precipitation step is used 
[19, 20]. Samples with triglyceride concentrations as great 
as 30 mmol/L can be analyzed without problems by using
concentrations are scarce, although the results reported 
thus far are promising [19-22], Such direct HDL analysis 
is efficient, but the reagent costs, including the disposable 
costs, are two- to threefold higher than with the Tung-B 
method. Moreover, the results by the Tung method are at 
least as good as those by the direct HDL method. The 
choice between both options is, therefore, a question of 
the motivation of the technicians and the available bud­
get.
We thank C. Boersma Cobbaert (Lipid Reference Labora­
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for performing the CDC HDL-chol analyses.
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